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▼For sequencing projects that do not require thermal cy-
cling, the use of SequenaseTM 2.0 [United States Biochemical
(USB), Cleveland, OH] with the basic labeling–termination
protocol is recommended because of its high degree of band
uniformity, low background and efficient use of ddNTPs
and other nucleotides (Ref. 1). We have made four impor-
tant modifications to the Sequenase kit that maximize the
number of sequencing reactions per kit, save time, reduce
gel handling processes and result in sequence information
that is comparable to that obtained using the manufac-
turer’s protocol.
The first modification is a reduction in the multiple,
time-consuming pipetting steps involved in initiating the
labeling reaction by using a ‘master mix’. USB recommends
that, after annealing the appropriate primer to the single-
stranded DNA template, 1.0 µl of dithiothreitol (0.1 M),
2.0 µl of diluted labeling mix, 0.5 µl of [α-35S]dATP and
2.0 µl of dilute Sequenase be added to the annealing mix-
ture. When sequencing many samples, this procedure is
very time consuming. More importantly, it is crucial that
careful pipetting technique be used to ensure that no extra
solution is on the outside of the pipette tip before transfer.
If extra solution is present on the tip, this wastes reagents
and potentially affects the quality of the sequence. To cir-
cumvent these problems, we have used a ‘master mix’ pre-
pared for the number of templates to be sequenced (Table
1) using the appropriate ratio of labeling reaction compo-
nents described by USB. To ensure that sufficient ‘master
mix’ is prepared, volumes are calculated forn+ 1samples to
be sequenced (to allow for pipetting error). We have found
that the ‘master mix’ is stable for at least 1 h when stored
on ice (data not shown). Once the ‘master mix’ has been
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prepared, a 5.2 µl aliquot is added to each of the annealed
templates.
The second modification was a reduction of the amount
of [α-35S]dATP used in each labeling reaction. USB rec-
ommends using 0.5 µl of [α-35S]dATP (specific activity of
1000–1500 Ci mmol−1) per labeling reaction. However, we
have found that 0.2 µl of radioactivity is sufficient for
each labeling reaction when using 2–3 µg of plasmid DNA
purified by either alkaline lysis or cesium chloride gradi-
ent. The radiolabeled bands are easily visualized on X-ray
film following an overnight exposure (12 h) (Fig. 1). This
modification results in a 55% reduction in the amount of
radioactivity used in each reaction, which equates approx-
imately to an additional 200 reactions based on 1 mCi of
the above-specified [α35S]dATP.
The third modification involved the amount of Seque-
nase enzyme used in each reaction. USB recommends that
the Sequenase enzyme be diluted eightfold. However, we
have determined that the enzyme can be diluted at least
12-fold (Fig. 1). Thus, this accounts for a 36% decrease in
the amount of enzyme needed, allowing for approximately
an additional 130 reactions to be performed based on 1000
U of Sequenase enzyme at 13 U µl−1.
The final modification was the elimination of the recom-
mended soaking step for the gel in 5% acetic acid and 15%
methanol for 15 min to remove the urea, because urea is
thought to quench the 35S signal (Ref. 2). We have found
that manymishaps occur when soaking sequencing gels be-
cause they are very thin, fragile and easily torn. Therefore,
after the gel is run for the appropriate time and the plates
separated, a dry piece of 3 mm blotting paper is placed di-
rectly on top of the gel, without prior soaking, beginning
at one end of the gel and slowly working towards the other
end, taking care to prevent air bubbles from forming be-
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Table 1. Comparison of the amounts of reagent used by the manufacturer’s protocol and by the
modified protocola
Amount per Total reagent Reagent saved by Number of
Reagent sample used (ten samples) modified protocolc reactions
USB Modified USB Modifiedb USB Modified
Labeling mix
(1:5 in H2O)
2.0 µl 2.0 µl 20.0 µl 22.0 µl µ2 µl – –
Dithiothreitol 1.0 µl 1.0 µl 10.0 µl 11.0 µl µ1 µl – –
[α35S]dATP 0.5 µl 0.2 µl 5.0 µl 2.2 µl 2.8 µl ∼160 ∼365
SequenaseTM in
enzyme dilution
buffer
2.0 (1:8) µl 2.0 (1:12) µl 2.5/17.5 µld 1.76/20.24 µld 0.74 µl ∼307 ∼435
aThe modified protocol uses a master mix consisting of these four components in the volumes listed.
bThe master mix is made up for n+1 (=11) samples, to allow for pipetting errors.
cThis assumes perfect pipetting technique. In real life, the Master mix will help to reduce the amount of reagent transferred on the
outside of the pipette tip.
dThese figures are for the volume of enzyme solution used/volume of enzyme dilution buffer used, for a total volume of 20 µl.
Fig. 1. Sequence of a DNA template obtained by a modified
sequencing protocol. A pCR2.1 plasmid (∼5.0 µg) harboring a
portion of the angiotensin II type 1 receptor (hAT1R) exon 1 cDNA
was denatured, resuspended in SequenaseTM primer reaction buffer and
the T7 sequencing primer (1 pmol) was allowed to anneal. The sample
was divided in half and the first sample was sequenced exactly following
the manufacturer’s protocol (A). By contrast, the second sample was
sequenced using a ‘master mix’ that included all of the same reagents as
in the first sample with the exceptions that only 0.2 µl [α-35S]dATP was
added and the SequenaseTM enzyme was diluted 12-fold rather than
eightfold. This sample was subsequently electrophoresed and the gel
was transferred to blotting paper without fixation in a 5% acetic acid
and 15% methanol solution (B).
tween the paper and the gel. The blotting paper with the
gel attached is peeled off the plate, dried and subjected to
autoradiography overnight (12 h).
Taken together, our results suggest that these four mod-
ifications to the SequenaseTM Version 2.0 DNA Sequenc-
ing Kit yield sequencing data that are indistinguishable
from the manufacturer’s suggested protocol (Fig. 1). Impor-
tantly, these modifications save time and money, decrease
the number of steps needed to process the gel and should
be easily incorporated by any investigator.
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